upstream promoter regions of these genes to DNA enover, the results with the flp-8 promoter constructs suggest that GCY-35 and GCY-36 activity in the URX neucoding green fluorescent protein (GFP) and used these expression constructs to make transgenic animals. Both rons alone is sufficient for strong aggregation and bordering, although we cannot exclude the possibility fusion constructs were expressed in a small set of neurons: gcy-36 was expressed in the body cavity neurons that AQR and PQR function redundantly with URX. AQR, PQR, and URX, whereas gcy-35 was expressed in AQR, PQR, and URX, in the interneurons SDQL/R, A Predicted C-Terminal Isoprenylation Site the mechanosensory neuron AVM, the putative sensory
Is Important for GCY-36 Function neurons ALN and PLN, and occasionally in one other
Like the rat ␤2 sGC that they most closely resemble [1], unidentified cell (Figures 2A-2C ). For gcy-36, we next GCY-35 and GCY-36 have a CAAX sequence (cysteine, created a polycistronic construct in which the gcy-36 aliphatic, aliphatic, any amino acid) at their carboxy terpromoter was used to express an operon consisting of minus, suggesting that the cysteine residue may be isogcy-36 cDNA and gfp. The pgcy-36::gcy-36::gfp operon prenylated and the proteins targeted to membranes. restored aggregation and bordering behaviors to npr-1
To investigate this possibility, we engineered a fusion gcy-36 animals (data not shown) and recapitulated the protein in which GFP was added to the N terminus of expression pattern in AQR, PQR, and URX observed GCY-36. Expression of this fusion under the control of from the gcy-36 promoter construct, suggesting that the gcy-36 promoter restored social feeding to npr-1 GCY-36 acts in these neurons to promote these begcy-36 animals, suggesting it was functionally active haviors.
( Figure 2E ). Interestingly, the GFP fusion protein was enriched in the sensory cilia of AQR and PQR neurons (URX neurons are not ciliated), although it was ex-GCY-35 and GCY-36 Function in the URX Body pressed at some level throughout the neuron (Figures Cavity Neurons to Promote Aggregation 2F and 2G). Previous data have suggested that TAX-2/ and Bordering Behaviors TAX-4 cGMP-gated ion channels are also enriched at Previous work has suggested that a cGMP-gated ion sensory cilia [10, 11] . Disrupting the CAAX box by mutatchannel encoded by the tax-2 and tax-4 genes is reing the cysteine residue to a serine disrupted the ability quired in one or more of the AQR, PQR, and URX body of the gfp:gcy-36 transgene to restore social feeding to cavity neurons for social feeding [4] . To examine if GCYnpr-1 gcy-36 mutant animals ( Figure 2E ) and prevented 35 and GCY-36 both act in these neurons to mediate enrichment at the cilia ( Figures 2H and 2I ). These data aggregation behavior, we made constructs in which we suggest that isoprenylation and appropriate subcellular expressed gcy-35::gfp and gcy-36::gfp operons under localization may be important for GCY-36 function. Rethe control of the gcy-32 and the flp-8 promoters. The cent data suggest that the mammalian ␣1/␤1 and ␣2/␤1 gcy-32 promoter is expressed exclusively in the AQR, sGCs are both partly localized to the membrane [12, PQR, and URX neurons [9] , whereas the flp-8 promoter 13]. For the ␣1/␤1 sGC, membrane localization appears is expressed in the URX, AUA, and PVM neurons [4, 30] .
to enhance the sensitivity of the cyclase to nitric oxide Both the pgcy-32::gcy-35::gfp and the pflp-8::gcystimulation [13] . Membrane localization may also be im- . Since GCY-35 and GCY-36 appeared to function in the same neurons for aggregation and bordering behaviors and were required nonredundantly, we speculated that these two proteins might act in heterodimeric complexes that are functionally similar to human ␣1/␤1 sGC heterodimers. Human ␣1/␤1 sGC heterodimers are thought to form a single active site to which each subunit contributes different residues ( Figure 3A ) [15] . The ␣ subunit contributes an aspartate residue that is thought to act as a catalytic base, whereas the ␤ subunit contributes an asparagine residue proposed to stabilize an oxyanionlike nucleophile ( Figure 3A ) [15] . To test the hypothesis that GCY-35 and GCY-36 function in ␣/␤-like heterodimer complexes, we mutated amino acids corresponding to these active site residues in gcy-35 and gcy-36 and assayed the mutant proteins for their ability to restore social feeding in the absence of endogenous wild-type protein. Substituting the ␣ subunit catalytic base aspartate residue with alanine did not disrupt the rescuing activity of GCY-36 (D499A) but abolished GCY-35 rescuing activity (D473A) ( Figures 3B and 3C ). Conversely, substituting the ␤ subunit oxyanion-stabilizing asparagine residue with alanine strongly reduced rescuing activity in GCY-36 (N572A), but not in GCY-35 (N546A) (Figures 3B and 3C ). These data suggest that GCY-36 functions as a ␤-like subunit, whereas GCY-35 acts as an ␣-like subunit in heterodimeric complexes that upregulate aggregation behavior.
Interestingly, none of the active site mutants of GCY-35 or GCY-36 displayed a dominant-negative phenotype: npr-1 mutants carrying these transgenes retained strong aggregation and bordering phenotypes (data not shown), perhaps because expression levels were not high enough to outcompete endogenous wild-type protein.
GCY-35 and GCY-36 could function together as an ␣/␤ heterodimer. Alternatively they could form complexes with one or more of the other five C. elegans soluble guanylate cyclases; at least one of these, GCY-32, is also expressed in AQR, PQR, and URX [9] . To test this possibility, we built double mutant strains between npr-1 and deletion mutations recently isolated by the International C. elegans Gene Knockout Consortium for four of these genes (gcy-31, gcy-32, gcy-33 and gcy-34) (we are grateful to the consortium for these mutants; see Supplemental Data for details of deletions). To our knowledge no knockout strain is available for gcy-37. None of these gcy mutations disrupted aggregation or -1(ad609) lin-15(n765) X, AX48 npr-1(ad609) , K.A., Pitari, G.M., Kazerounian, S., Ruiz-Stewart, I., Park,  36(db66) lin-15(n765) X, and AX1266 gcy-35(ok769) I; npr-1(ad609) 
